ABSTRACT -This paper aims to discuss the scientific progress obtained in the past ten years in genetics and plant breeding, soil fertility and plant nutrition and the importance of target sward conditions for planning, controlling and recommending management grazing of tropical grasses. In addition, progress in crop-livestock integration systems and management alternatives for mitigation of greenhouse gas emission by beef cattle production systems, two very important areas related to sustainable production systems, will also be discussed.
Introduction
In Brazil, beef and dairy cattle production systems are based mostly on pasture production, which is the main source of animal feed. About 90% of the nutrients required by the ruminants are obtained directly through grazing. Along the period from 1995 through 2006 the Brazilian cattle herd grew from 153.1 million to 171.6 million heads, while land surface covered with pastures decreased from 177.7 million to 162.9 million ha (IBGE, 2006) . These numbers clearly demonstrate the importance of pasture for national livestock support but most importantly, express the effort in research, developed along these years, by several research institutions in the country resulting in a significant improvement in the efficiency of pasture utilization. However, according , in spite of these efforts, increments in output from the production systems were lower than expected. Furthermore, there is a consensus that the main reason for that is that the majority of research studies has been carried out without taking into account the multidisciplinary characteristics of animal production under grazing (Carvalho, 1997; Da Silva & Pedreira, 1997; Hodgson & Da Silva 1999; Wade & Carvalho, 1999) . In fact, most of the published research comes from trials in plots under cutting due to difficulties in carrying out experimentation with pastures under grazing at most research institutions and universities. Thus, these types of recommendations can hardly be directly extrapolated to productions systems. Maraschim (2000) wrote an extensive review on the forage research implemented in Brazil during the twentieth century and emphasized that the majority of the pasture work used variables that did not consider what happens with forage under grazing. He pointed out several limitations in pasture research then such as lack of application of the principles of physiology and ecophysiology in pasture management; inadequate use of sampling techniques; lack of incorporation of new evaluation methodologies; little attention paid in choosing experimental animals; little understanding of ingestive behavior and diet selection for the animal; and few studies on soil:plant relationship under grazing, consequently resulting in faulty recommendation for pasture fertilization. In addition to the critical points raised by Maraschin (2000) , Nascimento Jr. et al. (2004) contested the need for developing and releasing new cultivars by breeding and or/selection before learning how to manage what was already available.
This paper aims to discuss the scientific progress obtained in the past ten years in genetics and plant breeding, soil fertility and plant nutrition, and grazing management, as a result of the evaluation of beef and milk production systems in Brazil and contrast those to important criticism made by some authors. In addition, progress in croplivestock integration systems and management alternatives for mitigation of greenhouse gas emission by beef cattle production systems, two very important areas related to sustainable production systems, will also be discussed.
Breeding of tropical forages
Brazil has about 100 million hectares of cultivated pastures and 8 grass and 7 legume genera with a total of 20 species are registered for seed production at the Ministry of Agriculture, Livestock and Supply (www.agricultura.gov.br/sementes e mudas-cultivares registradas). However, if the forage seed market in Brazil is analyzed the conclusion is unmistakably of a lack of diversity since 45% of the area and 60% of the seed production is of Brachiaria brizantha cv. Marandu and 90% of the seed exported is of four Brachiaria cultivars (www.estatexport.com.br). There is public demand for sustainable production systems with less impact on the environment conflicting with this lack of biodiversity which exposes the ecosystems and the production systems to hazardous circumstances considering climate change and selection pressure imposed on pests and/or diseases. Nascimento Jr. et al. (2004) contested this need for developing and releasing new cultivars by breeding and or/ selection. According to them, and citing Lupinacci (2003) : 'there are several forage plants available and except in rare situations, there are forage options for all the different ecosystems in Brazil as well as for any type of intensification in animal production'. This is clearly an academic view since the market and animal production enterprises indicate otherwise. Besides, traditional cultivars are succumbing to diseases, such as Panicum maximum cv. Tanzânia-1 attacked by a fungus, Bipolaris maydis (Charchar et al., 2003) ; and there are alarming reports of death and decay of extensive areas of Brachiaria brizantha cv. Marandu pastures due to water logging and root rots (Barbosa et al., 2006) ; furthermore, none of the available cultivars is resistant to the sugar cane spittlebug Mahanarva spp. (Souza et al., 2000) , to cite some examples of need of new or improved forages to replace older releases. Moreover, only Brachiaria humidicola common and cv. Llanero (known as 'dictyoneura') are the options for pasture in poorly drained soils and both have nutritional value, seed dormancy and production limitations that can be improved through breeding. Thus, selection from the natural diversity and specially breeding with its infinite capacity to create novelty are important if Brazil is to continue to lead the tropical world in animal production on pastures. Both, new varieties and their proper management contribute equally to continuous sustainable production systems.
In Brazil, breeding and selection of tropical forages began in the mid-1980's focusing mostly on Panicum maximum, Brachiaria sp., Andropogon, Stylosanthes, Arachis and Leucaena. Due to limitations concerning germplasm availability, teams trained on the basic aspects of forage breeding, and efficient screening techniques to evaluate the complex merit criteria, only a few genera and species are being bred. Forage breeding programs require commitment and multidisciplinary teams but recently released cultivars in Brazil, selected either from germplasm collections as well as from bred progenies are expected to fulfill expectations of increased productivity with sustainable production.
Progress in the last decade includes the release of cultivars and significant advances in knowledge and methodologies for the main forage species. B. brizantha cv. Xaraés (Valle et al., 2004) , and the first protected cultivar, BRS Piatã (Euclides et al., 2008 (Gontijo Neto et al., 2005; Andrade et al., 2010) . These cultivars can promote pasture diversification with increased leaf dry matter production of better nutritive value. Other cultivars released by Embrapa in the last decade include estilosantes Campo Grande (Embrapa, 2007) , the first legume cultivar to effectively impact beef production in pastures and P. maximum cv. Massai (Embrapa, 2001) ; two cultivars were released by a commercial company in São Paulo: cv. Aries and cv. Atlas Brazilian scientific progress in pasture research during the first decade of XXI century legume for animal supplementation and soil amendment released by Embrapa and Unipasto: Cajanus cajan BRS Mandarin (Godoy, 2005) .
Breeding tropical forages this past decade has focused on increased production but also towards tolerance or resistance to biotic and abiotic stresses such as aluminum levels, waterlogging and drought tolerance, resistance to diseases and pests. Screening techniques still need perfecting to translate into more efficient selection. Three cycles of selection on Brachiaria interspecific hybrids in Colombia resulted in significant increase in spittlebug tolerance (Miles et al., 2006) . Cytogenetics of Brachiaria has been reviewed and its importance to breeding documented ). In general, interspecific hybrids have shown varying amounts of abnormalities explaining the low seed yields and the importance of including cytogenetics in the choice of progenitors for crosses as well as candidates for cultivar development (MendesBonato et al., 2002; Felismino et al., 2008) . Also, a new basic chromosome number has been described for the genus (x = 6) found in B. dictyoneura (Risso-Pascotto et al., 2006) and in B. humidicola (Boldrini et al., 2009) .
The search for molecular markers for the traits of importance listed above and for apomixis has been underway, both on CIAT's and Embrapa's programs. A putative marker for apomixis was described (Zorzatto et al., 2010) using a hybrid population of B. humidicola, and that should substitute, with greater speed and efficiency, the laborious and time-consuming ovary extraction, clearing and microscope examination for identification of mode of reproduction. Use of microsatellite markers for the characterization of diversity on the Brachiaria germplasm was also pursued for the five most important species (Jungmann et al., 2009a,b) and can be used to select genitors for the breeding program. Microsatellite markers were also developed for P. maximum (Sousa et al., 2009) to study diversity in the germplasm, to verify the population structure, allowing the development of a strategy for germplasm conservation and breeding in P. maximum. RAPD markers used in Stylosanthes to determine crossing rate in S. capitata and S. guianensis (Chiari et al., 2007) established that the first has a mixed mode of reproduction while the second is essentially autogamous. Microsatellites were also developed for Stylosanthes (Santos et al., 2009a, b, c) and can be used to select genitors and study inheritance of traits of interest. There is an international project underway, involving Australia, Brazil, New Zealand and Argentina, to produce the first transgenic material of Brachiaria and Paspalum, considering lower lignin levels and better nutritional value in an effort to reduce methane emissions from cattle (Spangenberg, personal communication) .
Breeding of Brachiaria spp. involves both inter and intraspecific hybridization. Progress in the breeding of this important grass for pastures include the identification of two spittlebug resistant interspecific hybrids between B. ruziziensis and B. brizantha which are now under agronomic evaluation (VCU Trials) as the first phase for cultivar development. Grazing trials will be sown as soon as enough seed is available this year. Intraspecific breeding was finally accomplished in 2005 in Campo Grande for the improvement of nutritional value of B. humidicola while maintaining the adaptation to periodically water-logged soils ). The best 50 hybrids have been evaluated under cutting since 2008 and were ranked based on an index of genetic values for leaf dry matter production, leaf percentage, total dry matter production and regrowth . Top apomictic hybrids are candidates for cultivar development and top sexual will be used in further cycles of recombination. Breeding is at the hexaploid level and cannot include the two commercial cultivars (common and Llanero) since those are nonaploids. Breeding of B. decumbens was limited to its use as a pollen parent onto B. ruziziensis. Chromosome duplication of sexually reproducing accessions was recently accomplished (Simioni & Valle, 2009 ) and field crossing with cv. Basilisk was successfully carried out in 2009. The first spaced-plant progeny test of B. decumbens hybrids was established this year in the field, and the objective will be to breed for spittlebug resistance and improved forage quality in further cycles of recombination.
P. maximum is the most productive forage grass planted by seeds in the tropics. Its high quality and production secures intensive beef production and finishing of animals on pasture. There are 18 cultivars registered in the official site of the Ministry of Agriculture, Livestock and Supply (www.agricultura.gov.br sementes e mudas-cultivares registradas) however, only two of those, cvs. Tanzania and Mombaça, respond for about 90% of the seed of this species commercialized in Brazil. These, like Brachiaria, are apomictic thus also form monocrops. Cultivar Massai, a natural hybrid between P. maximum and P. infestum, was released in 2000 (Embrapa, 2001 ) and compared to cvs. Tanzania and Mombaça, it has lower growth habit and greater volume of leaves (Brâncio et al., 2002) , thus it is easier to manage, provides better soil cover and can be used as pasture for sheep. Its digestibility and consumption, however, is lower (Euclides et al., 1999) thus resulting in lower individual and per area gains but it utilizes soil P more efficiently and it is also very resistant to spittlebugs.
P. maximum is being bred at Embrapa Beef Cattle for multipurpose use such as biomass production, for shade tolerance aiming at pasture-forest production systems, resistance to waterlogging to be used in poorly drained areas and resistance to Bipolaris maydis, a leaf fungus . In the last decade, hybrids and accessions were tested under two shade levels and interesting genotypes identified. All plants showed increased height and decreased tillering as shading increased from full sun to 54 to 81% shade. Root production was decreased under high shading in favor of aerial biomass production. There was high heritability for number of tillers and high genetic variability thus promising genotypes can be identified for testing under field conditions. Evaluations for biomass production at Embrapa Cerrados tested 24 genotypes of P. maximum and reported average dry matter contents of 65% (Fernandes et al., 2009 ). The results obtained demonstrated that there are accessions with better performance than the commercial cultivars (except cv. Milênio), when the crop was managed for maximum biomass accumulation and dry matter content. Thus P. maximum is truly a choice to use as a dual purpose crop -energy and animal production as long as the management is adjusted for each purpose.
Breeding of Stylosanthes in the past ten years has produced breeding populations and indicated important strategies for gain with selection, on the short, medium and long term . The breeding objectives for this legume include anthracnose resistance, seed production and overall dry matter production. Recurrent selection was recommended for both S. guianensis since controlled crosses can be performed and for S. capitata, since its mixed mode of reproductions allows for open pollinated families to be evaluated. One cultivar, Stylosanthes Campo Grande, was released in 2000 (Embrapa, 2007) . This cultivar is a physical mixture of two species, S. capitata and S. macrocephala. Ten and five accessions, respectively, were used to make this multiline so as to confer horizontal resistance to the fungal disease, anthracnose (Grof; Fernandes, 2000) . Breeding for this cultivar also involved improvement of seed production, so that reseeding assures maintenance of this legume in mixed pasture.
Arachis pintoi is another very important native legume species for which much basic knowledge has been accumulated over the past decade. Five cultivars are registered in the site of the Ministry of Agriculture, Livestock and Supply (www.agricultura.gov.br sementes e mudas, cultivares registradas) however, only the one cultivar registered by Embrapa (cv. BRS Mandobi) is to be planted by seeds compared to others in the market that use vegetative propagation only. Its breeding is being carried out at Embrapa Acre and interesting genotypes were also tested in acid soils, in Campo Grande with superior genotypes already identified for use in mixed pastures (Assis et al., 2008) .
Soil fertility and plant nutrition
Important advances were achieved in this area over the last decade, mainly in methods of fertilization and required doses of fertilizer for pasture establishment. These results are widely used in the Southwest and Mid-West regions of Brazil. According to Souza and Lobato (2004) , more than 90% of the soils are dystrophic in the Mid-West region, which means that soil base saturation is less than 50%. The majority of soils are acid and soil aluminum saturation is also high, in many cases above 50%. Soil CTC ranges from 4.0 e 12.0 cmol c / dm 3 in the majority of Oxisols and Ultisols. Thus, soils under pastures can be considered of low and intermediate fertility.
Another import characteristic of soils under pasture in Brazil verified by Souza & Lobato (2004) and is that phosphorus is the most limiting nutrient related to pasture establishment and pasture sustainability. Once P is replaced, nitrogen drives pasture production. These observations can be extrapolated to the Southwest, Mid-West and North, where more than 70% of the herds and cultivated pasture of Brazil are concentrated.
A comparative analysis of different recommendations for pasture fertilization was conducted by Macedo (2004) . Since then, no significant changes have occurred, and conclusions of Macedo (2004) are still valid, especially for pasture establishment. There were no great differences among recommendations done by Cantarutti et al. (1999) and Vilela et al. (2004) , with exception of the one done by Werner et al. (1996) . Recommendations based on results of fertilization for pasture establishment are many as compared to those for pasture fertilizer maintenance. In this case, there is a lack of research.
Classes of adaptation to soil fertility and acidity were done, and forages were classified in accordance to degrees of adaptation and fertilizer needs. This criterion is valid to identify classes of soil base saturation and needs of soil levels of P and K for many tropical forages. Classification suggested for tropical grasses and legumes are:
Group 1 Group 3 -Forages not well adapted to acid and low fertility soils -Panicum maximum cvs Colonião, Tobiatã, Tanzânia, Mombaça, Massai, Pennisetum purpureum, Cynodon, Leucaena leucocephala e Neonotonia wightii. Table 1 summarizes ranges of soil critical levels for pasture establishment with tropical forages, critical levels in leaves for plant establishment and maintenance, and critical values in leaves required for daily animal diets.
The large range found for soil and plant tissue critical levels of P reflects the differences in behavior of different tropical forages in their adaptation to soils with different fertility and textures. As an example, values of soil P, as extracted by Mehlich-1, may vary from 3 to a 21 mg dm 3 . This means that values go from clayed to sandy soils and from high to low adaptability depending upon forage species.
P fertilizer recommendations for pasture maintenance was a major improvement brought about by research focusing on animal production and sustainability. Macedo (2004) established that the following criteria should be observed: a) soil P levels, in the arable layer, must be at least 80% of those required for plant establishment, according to each forage species and soil type; and b) dosage of P 2 O 5 required must be adjusted for desired animal liveweight gains in terms of kg ha -1 . Souza et al (2004) added the degree of species adaptability to soil fertility to this criterion (Table 2) .
Grazing management
At the end of the 1990's, the concepts related to the ecophysiology of tropical grasses and grazing ecology received greater attention from researchers and were incorporated in the experimental protocols for pasture evaluation. The significant changes and advances that occurred regarding the understanding of important factors and processes that determine adequate use of tropical grass in pastures can be found in the review paper by Da Silva & Nascimento Jr. (2007) . This change in paradigm has generated a large database which has guided strategies for pasture utilization.
Based on the published results some grazing management recommendations were produced. Generally, the concept of the critical leaf area index (LAI), condition in which the sward intercepts 95% of the incident light, is valid and may be applied for tropical grasses (Carnevalli et al., 2006; Barbosa et al., 2007; Pedreira et al., 2007; Souza Jr., 2007) . That is thus the best moment to interrupt the growth process (Figure 1 ), which ensures high utilization of forage produced and avoid deterioration of sward structure by excessive accumulation of stem and dead material (Tables 3 and 4) .
Also, those authors have observed a large correlation between canopy height and its light interception (LI), indicating that sward height could be used as a reliable field guide for monitoring and controlling regrowth and grazing process. So, P. maximum cvs. Mombaça (Carnevalli et al., Table 2 -Estimated dosages of P 2 O 5 recommended as annual application to guarantee animal productivity and degree of adaptability of different tropical forages to soil acidity and soil fertility in finishing animals 2006; Montagner, 2007) , and Tanzania (Mello & Pedreira, 2004; Barbosa et al, 2007) , B. brizantha cvs. Marandu (Souza Jr., 2006) and Xaraés (Pedreira et al., 2009) , reached 95% LI with the follows heights 90, 70, 25 e 30 cm, respectively (Figure 1 ; Tables 3 and 4) . Given seasonal and regional variations and the potential impact of fertilizer use, there were substantial variations in grazing intervals to achieve these targets (Figure 1 ; Table 3 and 4). According to , the definition of a proper post-grazing residue, consistent with satisfactory levels of animal performance and herbage utilization, and aiming at maintaining target sward conditions would certainly favor optimal use and nutritive value of produced herbage. So, Difante et al. (2010) , also based on pre-grazing condition of 95% LI, or 70 cm height, evaluated Tanzânia pastures subjected to two grazing intensities (25 and 50 cm post-grazing residues), and found greater average daily gains, lower stocking rate and grazing efficiency when the sward was grazed to 50 cm when compared to that grazed down to 25 cm (Table 5) . Evidence from experiments indicated that the appropriate post-grazing height intervals for Tanzânia and Mombaça are, respectively, from 25 to 50 cm (Barbosa et al., 2007; Difante et al. 2009 ); and from 30 to 50 cm (Bueno, 2003; Carnevalli et al., 2006; Montagner, 2007) . Pastures of B. brizantha cvs Marandu (Souza Jr., 2007; Sarmento, 2007) and Xaraés Nave, 2007) were evaluated using the same protocol. Based on plant characteristics (Table 4) , these should be grazed down to a post-grazing height of 15 cm.
The need to understand aspects of plant-animal interface and animal response to defoliation practices must be recognized (Da Silva & Carvalho, 2005; Carvalho et al., 2009 ). However, this type of research still needs considerable amount of efforts. A summary of the results for tropical forage accumulated so far will be presented. Palhano et al. (2006; 2007a) studied the short-term rate of herbage intake of dairy heifers grazing Mombaça pastures, and found that bite mass decreased and bite rate increased with decreasing pre-grazing sward heights. Despite the greater bite mass in taller swards, time per bite decreased, resulting in increasing intake rate up to 100 cm sward height (Table 6) . Furthermore, as pre-grazing sward heights decreased, the number of feeding stations increased and the number of steps between feeding stations decreased, showing the importance of controlling sward structure (Table 6 ). Modifications in sward structure and ingestive behavior of cattle during the grazing down process in Marandu pasture was studied by Trindade (2007) . Treatments corresponded to combinations between two grazing intensities (post-grazing residues of 10 and 15 cm) and two grazing intervals (equivalent to the period of time necessary for swards to reach 95% and 100% LI). During the grazing process, the 100% LI treatments resulted in heavier bites, but lower intake rate and proportion of leaves in the herbage consumed compared to the 95% LI pastures. Pastures 95/10 and 95/15 were associated with largest grazing activity and highest intake rate, suggesting higher daily intake. However, 95/15 was the pasture that resulted in the largest proportion of leaves in the herbage consumed, and in the lowest values of frequency and intensity of defoliation of leaves. This pattern of defoliation resulted in a high residual leaf area after grazing, favoring regrowth and quick returns of swards to grazing. The grazing strategy that allowed more efficient harvest of herbage was that where grazing was initiated with 95% LI and finished with 15 cm post-grazing height. Difante et al. (2009a) , also, observed as grazing progressed and herbage was removed from Tanzânia pastures, that the herbage available was reduced and the presence of leaves diminished in the medium and lower strata, making animals increase their grazing time. The bite rate on swards grazed to 25 cm residue varied linearly with occupation days at a rate of 0.64 bite per minute, which represents 371 additional bites for each additional occupation day. However on swards grazed to 50 cm residue, the bite rate did not vary during the occupation period, indicating that the higher post-grazing residue did not severely interfere with sward structure in order to cause variations in bite rate. Adapted from Palhano et al. (2006 Palhano et al. ( , 2007 .
According to Carvalho et al. (2009) the way that the animal grazes during the occupation period is a function of the sward structure defined for pre and post-grazing. Based on several research results they concluded that the reduction of the sward height, more than 40% of initial height, the forage removal rate decreases, due to increasing the stem and dead material on the grazing horizon by limiting the bite depth.
The knowledge of structural variables and morphogenesis of plants has also been an important tool to manage continuously stocked pastures. A series of experiments was designed to evaluate functional relationships between plant and animal responses to the defoliation strategies characterized by tight control of sward conditions ( Table 7) . Cultivars of Cynodon Tifton and Coastcross were grazed by sheep to maintain sward heights from 5 to 20 cm and cultivars of Brachiaria brizantha Marandu e Xaraés were grazed by cattle to maintain sward heights from 10 to 45 cm. In those sets of experiments, the forage mass contained low proportions of leaf blade, which normally occurs on continuously stocked pastures, consequently the leaf:stem and the leaf:no-leaf (stem and dead material) ratios were low, and the largest ratios were observed for pastures maintained lower, regardless of the cultivar, place or soil fertilization (Table 7) . However, a tiller dynamic pattern of compensation involving tiller size and population density was observed (Sbrissia et al., 2001; Sbrissia & Da Silva, 2008) , consequently there was a relative stability of forage production among sward heights. Nutritive value of hand plucked herbage showed high crude protein and in vitro organic matter digestibility percentages ( Table 7 ), indicating that differences in intake and animal performance were due to the sward structure (Table 7) , affecting the ingestive behavior and consequently constraining forage intake by the grazing animals. Those results indicate the potential for developing grazing management strategies based on sward height targets for cultivars of Cynodon and B. brizantha, as postulated by Hodgson & Da Silva (2002) .
These set of responses led Da Silva (2004) to conclude that the optimal sward height to balance pasture and animal requirements under continuous stocking management was about 15 com for Cynodon cultivars and 30 cm for B. brizantha cv. Marandu. The results obtained in Campo Grande (Table 7) confirm this sward height for both cultivars, Marandu and Xaraés. Detailed strategies for the implementation of the flexible management and suggestions to overcome challenges over the year can be found .
CLIS -Crop and Livestock Integration Systems a new approach to sustainability
Pasture degradation is by far the most important problem of livestock production in Brazil. Over 100 millions ha of cultivated pasture are under exploitation in the country nowadays, but about 60% are estimated to be in varying degrees of degradation (Macedo, 2009) . Degradation is commonly associated with decrease of animal production, poor soil fertility, lack of soil conservation, weed invasion, presence of pests and diseases, environmental problems and decline in sustainability. Common procedures for direct recuperation of pastures, such as animal management practices, fertilizer application and new cultivars are already available, but tradition, costs and final prices of products have discouraged some farmers.
More recently, an efficient alternative, but consisting of a more complex agricultural system, has been used in order to recuperate pastures: these are a series of crop and livestock integration systems (CLIS). Costs of fertilizer, soil preparation, seeds, etc used to recuperate pastures and improve soil fertility can be compensated when CLIS is utilized. A complementary benefit is observed because fertilization of annual crops improve soil fertility levels and, on the other side, the deep rooted tropical grasses improve soil physical proprieties, alleviating soil compaction, soil density and water infiltration rate. Many studies done with CLIS, in the Cerrado region of Brazil, have shown improvement in animal and crop production as demonstrated by higher stocking rates, liveweight gain, and grain yields, moving towards new thresholds of production and environment conditions thus in the direction of sustainability. Also, higher profits, raise in employment, use of by products and efficient use of machinery and labor, are also other advantages related to CLIS.
Crop and livestock systems are defined as productions systems of grain, fiber, meat, milk, wool and others, which are cultivated in the same area, in simultaneous planting, or sequentially, in a rotational way. The objectives are of maximizing the biological cycles of animals, plants and their residues, improve use of the residual effects of fertilizers, attempt to minimize use of pesticides, herbicides, etc., to improve efficiency of machinery, equipment and labor, providing more employment, raising income, and social conditions in the rural area, with the perspective of environment protection and sustainability.
Associated technologies such as minimum tillage (direct seeding), along with crop and pasture rotation, have boosted CLIS even more. Minimum tillage has been implemented in more than 60% of soil preparation in Brazil (Macedo, 2009 ). Experimental period August 1998 to April 1999 (Carnevalli et al., 2001a; Sbrissia et al., 2001 ).
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Experimental period August 1998 to March 1999 (Fagundes et al., 1999; Carnevalli et al., 2001a,b; Sbrissia et al., 2003) . (Andrade, 2003; Sarmento, 2003; Sbrissia, 2004; Molan, 2004; Sbrissia & Da Silva, 2008) . 4 Experimental period January 2007 to December 2008 ( Paula, 2010) . (Carloto, 2010) . Adoption of this system in large scale, covering many regions, with different climate and soil, is highly dependent of crops that produce high amounts of residues and straw for better soil coverage. CLIS can be used with many crops, such as: soybeans, corn, pearl millet, sorghum, cotton, sunflower, etc. and especially perennial tropical grasses as Brachiaria spp, intercropped or not. Thus, CLIS became one important alternative to pasture recuperation and improvement for sustainability not just of annual crops but also one of the most important practices nowadays for animal production systems in Brazil. Forages in CLIS produce straw and soil cover for minimum tillage systems, improve soil chemical, physical and biological properties, lead to better use of equipments, improve farmers income, and multiply jobs in rural areas (Macedo, 2009) .
One of the advantages to CLIS adoption is the possibility of simultaneous seeding of crops and pasture at the same time and same operation, regardless of planting period: late spring-mid summer or late summer-mid autumn. Recommendations were provided by many authors and institutions in the last 10 years.
Simultaneous planting of corn and tropical forages is an old and common practice among farmers. However, well defined and organized systems as a process or as a technological package have been reported: 'Barreirão' system (Kluthcouski et al., 1991) had rice and Brachiaria as companion crop, and a defined soil preparation in the system; whereas the Santa Fé system (Cobucci et al., 2001) , incorporated minimum tillage (no soil preparation), added a selective herbicide application in order to suppress the competition from Brachiaria and Panicum species with corn, when simultaneously seeded. Variations can be found in many other related articles with the same or similar objectives, reported by Jakelaitis et al. (2004 Jakelaitis et al. ( , 2005a , Severino (2005) , Freitas (2005) and Ceccon et al. (2008) . Ceccon & Staut (2007) , for instance, suggested a very interesting variation of simultaneous planting to establish CLIS with corn and Brachiaria spp, dealing with different row arrangements and using the same planting equipment. Emphasis of this method is to provide enough straw and adequate residue cover for minimum tillage in the following summer. In this proposition, pasture establishment is not perceived as a typical long term crop or as an ideal CLIS. In spite of this restriction it has been an important alternative for CLIS adoption, and animal production in the period of autumn and winter season.
Simultaneous planting systems as presented before have encouraged farmers to seed annual crops, such as corn, plus forage and to obtain practically the same grain yields as corn planted alone. These results by Kluthcouski & Aidar (2003) and Zimmer et al. (2010) are presented in Table 8 .
Papers by Costa & Macedo (2001) , Cobucci et al. (2007) , Muniz (2007) , Martha and Macedo (2009) have shown the economical advantages of CLIS in relation to the traditional systems. The majority of them demonstrated greater investment rates, and better net present value related to CLIS.
Another example is presented in Table 9 , as described by Cobucci et al. (2007) . A complete test of CLIS was carried out in 120 ha, subdivided in paddocks of 40 ha, beginning in the summer of 2005. Initially soybean was planted in one area, and corn + brachiaria, simultaneously in other two areas. The main objective was to have productive pasture during autumn-winter, between May and September and to finish the animals for slaughter.
A new tendency is to incorporate a new component into CLIS: trees. Results obtained at Embrapa Dairy Cattle by Carvalho et al. (1997) , with the objective of selecting different tropical forages adapted to levels of shade, proposed strategies for agro forestry systems. Studies with row arrangements for trees, species of trees, tropical forages adapted to shadow and enough space to cultivate annual crops are already possible as described by Macedo (2009) . 
Mitigation of greenhouse gas emission
Discussions encompassing greenhouse effects (GEE) and its consequences became global and have been occupying international agendas not only of scientific forums but also of those related to governmental concerns since the end of the 1990s. The reason for that was firstly information about significant increment in the concentration of such gases in the atmosphere, mainly, carbon dioxide (CO 2 ), methane (CH 4 ) and nitrous oxide (NO 2 ). Such discussions were amplified since those emissions were credited to human activities and were responsible for global climatic changes. However, after the first wave of discussions in which the focus involved several sectors of economy, the main emphasis was redirected to evaluating and implementing alternatives related to mitigation and to sequestration.
In Brazil, agriculture sectors contribute with approximately 22% of GEEs produced by human activities. However, if these emissions were added to those from land use change and from new areas incorporated to agriculture use, such a percentage would rise to 80% (Brasil, 2009) . In this situation Brazil ranks as the fifth greater country in the GEEs emission scale, which is a great challenge to be faced.
Brazilian animal production, mainly, beef cattle production, occupies an important position in global scenario as the larger commercial herd and also the most important player as an exporter. This position created tension in beef cattle international markets and varying barriers began to be imposed. Previously, such barriers used to be tax rates related but nowadays they encompass environmental and social issues, which are related to deforestation, inefficiency of beef cattle production systems and GEEs emissions (Steinfeld et al., 2006) . In this sense, scientific progress in tropical and subtropical forages might have important effects on mitigation of GEEs, by improving nutritive value and other processes related to beef cattle production systems. Such a potential is strengthened by projections made by Barioni et al. (2007) , on methane emissions by beef cattle under Brazilian production conditions, during the period from 2007 through 2025. Such prediction indicates important improvement in beef production, showing increments of 7.4% in herd size and 29.3% in number of slaughtered animals, representing an overall increase of 25.4% in beef production and only 2.9% in methane emission per unity of beef produced.
On the other hand, projections made by E. Assad and H. S. Pinto cited by Deconto (2008) indicated that an increase of 3 o C (average increase predicted by IPPC for 2100) might cause a loss of 25% in the carrying capacity of the pastures, which is equivalent to an increase in production costs of 20% to 45% . Furthermore, they pointed out that such an area lost would occur mainly due to the increment of 30 to 50 days in the dry period on areas which are today with cultivated pastures.
Such projections reinforce the need for strengthening studies on forages focusing on adaptation to global climatic changes, looking for quality and rates of degradation in the rumen e GEEs production associated to feed supplementation under grazing, pasture management, pasture recovery and with crop-pasture-forest integrated production systems.
As far as reduction of GEE emissions through forage breeding, Abberton et al. (2007) presented the following suggestions: a) reduction of enteric CH 4 emissions by ruminants by modifying forage plants composition, increasing soluble carbohydrates and digestibility in grasses, and increasing the amount of compounds which difficult protein degradation in the rumen, as tannins in legumes; b) reduction of N 2 O emissions in pastures by using more efficient plants in using N, which in turn will increase primary production and, as a consequence, animal productivity, resulting in less emission per unity of animal product; and c) forage breeding focusing on increase in productivity of root system emphasizing morphology, composition and recycling.
Several studies with different variation of crop-pastureforest integrated systems indicate that the forest component provides various benefits which in turn improve land use Macedo, 2009) . Therefore, the possibilities of increasing use of these systems under global climatic changes scenarios are enhanced by their capability to produce positive impacts on microclimatic variables and also to increase carbon sequestration.
Integrated systems with 250 to 350 eucalyptus trees/ha, which will be ready for cutting after eight to twelve years, produce 25 m 3 ha -1 .year of wood (Ofugi et al., 2008) . This represents an annual carbon sequestration of approximately 5t ha -1 C or 18 t ha -1 of CO 2 eq., which means a neutralization of GEE emissions of 12 adult bovines. However, there are few studies evaluating C balance in such systems in Brazil. On the other hand, biomass produced by forages, mainly those with high productivity like Pennisetum might be used to produce second generation ethanol and to obtain carbon credits.
Due to the difficulty in obtain estimates of GEEs emissions in beef cattle production systems there are only a small number of studies carried out on feedlot (Nascimento 2007; Oliveira et al., 2007; Possenti et al., 2008) and under grazing with beef catlle (Demarchi et al., 2003) and also with dairy cattle (Primavesi et al., 2004; Pedreira et al., 2009 ). These studies were very important mainly because they resulted in information to counteract values from IPPC (1996) related to enteric methane and so they contributed for setting up more realistic estimates for Brazilian production systems.
Under Brazilian conditions the main source of methane emission is from enteric fermentation of bovines since the emissions from decomposition of feces on pastures are very small. These sources represents 62.5 and 1.6% of emissions of methane produced by human activities, respectively (Brasil, 2009) . Studies with ruminants have demonstrated that methane emissions depend on quality of the ingested feed as well as the quality of the diet. Normally, diets with high digestibility are more consumed and produce less methane emission per unity of feed ingested than diets of low quality (Oliveira et al., 2007) .
Therefore, the development of strategies for increasing the nutritive value of the diet should be prioritized on forage research programs. Several studies have been carried out in Brazil using forages with high content of tannin for bovine diets, mainly using sorghum and legumes (Vitti et al., 2005; Possenti et al., 2008) , or additives as ionofores, probiotics, oils and fat (Franco & Ribeiro, 2009 ). The results of such strategies have proved efficient in reducing methane emissions as well as improvement in the standard of rumen fermentation and in animal energetic efficiency.
As far as nitrous oxide is concerned, in Brazil, bovine dejects are responsible for 39.4% of the human emissions of GEE (Brasil, 2009) and the lost of N by urine is greater than one observed in feces (Ferreira, 1995) . The emissions of this oxide are influenced by the distribution of the dejects, by management of N fertilization and by soil characteristics (Lima, 2006) . It should be pointed out that the pattern of dejects distribution across the pastures imposes extra difficulty for obtaining precise estimates.
There are several studies on pasture ecosystems in different biomes of Brazil such as the Amazon, Cerrado and Mata Atlântica, which consider the amount of carbon in the soil under cultivation as compared to soil under native vegetation. Such studies indicate that in general, soil under pasture can accumulate C in comparable or even in superior levels to those under native vegetation and they also show that degraded pasture induce loss of C accumulated (Cerri et al., 2006; Jantalia et al., 2006) . Fisher et al. (2007) , in a extensive review involving studies on Savannah regions of Brazil and Colombia carried out from 1998 through 2004, observed that the rates of litter deposition were underestimated and as a consequence there was overestimation of production and underestimation GEEs mitigation.
In 2009, as a result of COP-15 held in Copenhagen, Brazil stood out by presenting voluntary proposals of NAMAS (Nationally Appropriate Mitigation Actions) related to agriculture with some important goals to be achieved by 2020: reduction of 83 to 104 Mt of CO 2 eq. using pasture recuperation, from 18 to 22 Mt CO 2 eq. using integrated systems, from 16 to 20 Mt of CO 2 eq. using biological nitrogen fixation (Brasil, 2010 ). These goals demonstrate the need for improving the efficiency of Brazilian bovine production systems aiming at GEE mitigation and here, there is an important role to be played by Brazilian forage research. According to Cerri et al. (2010) these goals are attainable with the technologies already available, however, there is a need for governmental incentive and investment to stimuate the correct use of them by production systems.
Methodological standardization should be developed in order to study different soil-atmosphere systems (Costa et al., 2006) and with the animal components (Primavesi et al., 2004; Berndt et al., 2009 ) aligned with the orientation given by IPCC (1996 IPCC ( , 2006 . This scientific-technological knowledge is strategic for Brazil since it will contribute for a better understanding about adequate management of animal production systems in order to minimize impacts and derive environmental, economic and social benefits. In addition, it would enlighten the Brazilian society about the true benefits and drawbacks of animal production and strengthen the country's position for international negotiations as well as provide arguments to neutralize potential embargos.
Conclusions
There is a wealth of questions still to be answered in the development of improved technologies and methods to work with breeding tropical forages. Teamwork and multidisciplinary projects are essential to tackle this challenge of working with non-domesticated crops but each advance is a major contribution to the scientific knowledge about these important forages for the tropical animal production.
There is still lack information in pasture fertilization when maintenance is focused. Experiments with grazing animals, in periods of three to four years duration, are recommended. In spite of the cost and the time involved, this type of researchey should be stimulated, involving interdisciplinary teams to measure biological, economical and environmental aspects.
It is unquestionable that progress has been obtained in the generation of knowledge on morphology and morphogenesis of tropical grasses for planning, controlling and recommending grazing management. However, research on animal responses to defoliation practices is an area that still needs considerable long time effort.
CLIS, along minimum tillage and pasture recuperation, are at the present moment the most important alternatives to mitigate deforestation and pasture degradation. Carbon sequestration is also more efficient in these systems. CLIS plus trees research must be improved in the future.
More research is needed for evaluating C and N balances in main animal productions systems. This should be done in each biome in order to guide national inventories as well as public policies for the sector. There is also a need to strengthen efforts oriented to know better not only the size of the herd but also the stratification by categories and species of forage and their distribution.
